458                            INORGAOTC CHEMISTRY                         [CHAP

characteristic colours, and hydrogen sulphide is used as a reagent in
qualitative analysis.*

The sulphides of Group II metals are precipitated from solutions
acidified with hydrochloric acid : copper, lead, mercuric and bismuth
salts all give black sulphides (bismuth, brownish-black), CuS, PbS,
HgS, Bi2S3 ; cadmium, tin (stannic) and arsenic give yellow sulphides,
CdS, SnS2, As2S3; antimony gives an orange-red sulphide Sb2S3; tin
(stannous) a brown sulphide SnS.

Group IV metals are precipitated only in alkaline solutions. An
alkali sulphide, e.g. ammonium sulphide, may be used. The precipi-
tates are black (FeS, CoS, NiS), white (ZnS), and flesh-coloured or
greenish (MnS).

If the sulphides are very sparingly soluble (PbS, CuS, HgS, As2S3,
Sb2S3, etc) the concentration of S" ions formed from them is never
large enough, even with relatively high concentrations of H' ions, to
give an ionic product [H*]2 x [S"j exceeding the solubility product of
H2S, so that the latter cannot be formed. In other words, the sulphides
are precipitated even in the presence of acids. Cadmium sulphide CdS
occupies an intermediate position ; if the acid concentration is greater
than 1-32V it is not precipitated. Zinc salts are incompletely pre-
cipitated from neutral solutions, since the acid formed leads to an
equik'brium state: ZnS04+H2S^ZnS-hH2S04. Sulphides of some
metals (FeS, ZnS, MnS) are precipitated in alkaline solution, because
then practically no H" ions are formed. The metals of the alkalis and
alkaline earths are not precipitated, because their sulphides are
soluble in water (Na2S, K^S) or in a solution of hydrogen sulphide
(CaS+E2S^Ca(HS)2). Aluminium and chromium salts give pre-
cipitates of hydroxides with ammonium sulphide, since their
sulphides are completely hydrolysed by water : 2AT" + 3S" + 6H20 =
2A1(OE)3 + 3E2S.

The precipitation of sulphides is complicated by the occurrence of
modifications with different solubilities. Cobalt and nickel sulphides are
not precipitated by hydrogen sulphide from acid solutions, but when the
precipitates have beea formed by ammonium sulphide in alkaline solution
they are insoluble in dilute acids. Two modifications of zinc sulphide are
precipitated, one (a-ZnS) in acid solution and another (jS-ZnS) in alkaline
solution, the second form having five times the solubility of the first. In
acid solutions the precipitation of zinc sulphide shows a period of induction
which is longer the more acid is the solution. In some cases no precipitate
is formed, although zinc sulphide is almost insoluble in the strength of acid
used. Other sulphides, e.g. CuS and CdS, however, bring about simultaneous
precipitation of the zinc sulphide.

* On tlie theory of suipMde ppeoipita^ion, see p. 313.